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Foreword
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Section 1

Introduction

1.1 Identification of Document

This document is identified as the GLAS Science Algorithm Software (GSAS)
Detailed Design Document. The unique document identification number within the
GLAS Ground Data System numbering scheme is TBD. Successive editions of this
document will be uniquely identified by the cover and page date marks.

1.2 Scope of Document

The GLAS I-SIPS Data Processing System, show in Figure 1-1, provides data process-
ing and mission support for the Geoscience Laser Altimeter System (GLAS). I-SIPS is
composed of two major software components - the GLAS Science Algorithm Soft-

ware (GSAS) and the Scheduling and Data Management System (SDMS). GSAS pro-
cesses Level-0 satellite data and creates EOS Level 1A/B and 2 data products. SDMS
provides for scheduling of processing and the ingest, staging, archiving and catalog-
ing of associated data files. This document describes the detailed design of GSAS.

1.3 Purpose and Objectives of Document

This document describes the detailed design of the GLAS Science Algorithm Soft-
ware. It contains descriptions, flow charts, data flow diagrams, and structure charts
for each major component of the GSAS.

The purpose of this document is to present the detailed design of the GSAS. It is
intended as a reference source which would assist the maintenance programmer in
making changes which fix or enhance the documented software.

1.4 Document Status and Schedule

The GLAS Science Algorithm Software Detailed Design Document is currently
released as Version 2.2 (V2.2).

1.5 Document Organization

This document's outline is assembled in a form similar to those presented in the
NASA Software Engineering Program [Information Document 2.3a].

July 2002 Page 1-1 Version 2.2
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Figure 1-1 I-SIPS Software Top-Level Decomposition

1.6 Document Change History

Document Name: GLAS Science Algorithm Software Detailed Design Document

Version Number

Date

Nature of Change

Version 0 August 1999 Original Version

Version 1 November 2000 Revised for V1 software.

Version 2 November 2001 Revised for V2 software.

Version 2.2 July 2002 Revised for V2.2 software.
Version 2.2 Page 1-2
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Section 2

Related Documentation

2.1 Parent Documents

Parent documents are those external, higher-level documents that contribute infor-
mation to the scope and content of this document. The following GLAS documents
are parent to this document.

a) GLAS Science Software Management Plan (GLAS SSMP), Version 3.0, August
1998, NASA Goddard Space Flight Center, NASA/TM-1999-208641/VER3/
VOL1.

b) GLAS Science Data Management Plan (GLAS SDMP), Version 4.0 July 1999,
NASA Goddard Space Flight Center, NASA/TM-1999-208641/VER4/VOLZ2.

c) GLAS Science Software Requirements Document (GLAS SSRD), Version 2.1
August 2000, NASA Goddard Space Flight Center.

d) GLAS I-SIPS Software Architectural Design Document, Version 2.0, NASA God-
dard Space Flight Center, October 1998.

2.2 Applicable Documents

Applicable documents include reference documents that are not parent documents.
This category includes reference documents that have direct applicability to, or con-
tain policies binding upon, or information directing or dictating the content of this
document. The following GLAS, EOS Project, NASA, or other Agency documents are
cited as applicable to this architectural design document.

a) Data Production Software and Science Computing Facility (SCF) Standards and
Guidelines, January 14, 1994, Goddard Space Flight Center, 423-16-01.

b) EOS Output Data Products, Processes, and Input Requirements, Version 3.2,
November 1995, Science Processing Support Office.

c) NASA Earth Observing System Geoscience Laser Altimeter System GLAS Science
Requirements Document, Version 2.01, October 1997, Center for Space Research,
University of Texas at Austin.

d) Precision Orbit Determination (POD), Algorithm Theoretical Basis Document,
Version 0.1, December 1996, Center for Space Research, The University of
Texas at Austin.

e) Atmospheric Delay Correction to GLAS Laser Altimeter Ranges, Algorithm Theo-
retical Basis Document, Version 0.3, December 1996, Massachusetts Institute of
Technology.

f) Geoscience Laser Altimeter System: Surface Roughness of Ice Sheets, Algorithm
Theoretical Basis Document, Version 0.3, December 1996, University of Wis-
consin.
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9)

h)

)

K)

2.3

Determination of Sea Ice Surface Roughness from Laser Altimeter Waveform, Algo-
rithm Theoretical Basis Document, Version 0 (Preliminary), December 1995,
The Ohio State University.

Laser Footprint Location and Surface Profiles, Algorithm Theoretical Basis Docu-
ment, Version 0 (Preliminary), December 1996, Center for Space Research, The
University of Texas at Austin.

Precision Attitude Determination (PAD), Algorithm Theoretical Basis Document,
December 1996, Center for Space Research, The University of Texas at Austin.

The Algorithm Theoretical Basis Document for Level 1A Processing, April 2001,
NASA Goddard Space Flight Center Wallops Flight Facility.

Algorithm Theoretical Basis Document: Derivation of Range and Range Distributions
From Laser Pulse Waveform Analysis for Surface Elevations, Roughness, Slope, and
Vegetation Heights, Version 3.0, July 2000, NASA GSFC, et. al.

Algorithm Theoretical Basis Document for the GLAS Atmospheric Channel Observa-
tions, Version 0 (Preliminary), December 1995, Goddard Space Flight Center.

Information Documents

The following documents are provided as sources of information that provide back-
ground or supplemental information that may clarify or amplify material presented
in this document.

a)

b)

NASA Software Documentation Standard Software Engineering Program, NASA,
NASA-STD-21000-91, July 29, 1991.

Science User’s Guide and Operations Procedure Handbook for the ECS Project, Vol-
ume 4: Software Developer’s Guide to Preparation, Delivery, Integration and Test
with ECS, Final, August 1995, Hughes Information Technology Corporation,
205-CD-002-002.

GSAS Users Guide, Version 2.2, July 2002, NASA Goddard Space Flight Center.

GLAS Standard Data Products Specification - Level 1, Version 5.0, July 2002,
NASA Goddard Space Flight Center Wallops Flight Facility, GLAS-DPS-2621.

GLAS Standard Data Products Specification - Level 2, Version 5.0, July 2002,
NASA Goddard Space Flight Center Wallops Flight Facility, GLAS-DPS-2641.

Data Production Software, Data Management, and Flight Operations Working
Agreement for AIRS, AMSU-A and MHS/AMSU-B, NASA Goddard Space Flight
Center, January 1994.
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Section 3

Design Issues

3.1 Requirements

GSAS was designed with many specific and several generic requirements in mind.
These requirements may be found in the GLAS Software Requirement Document.
Several of the more critical requirements are listed here:

= The software will be designed for maximum portability and code-reuse.

= When possible, science algorithm subroutines should be coded in a manner to
allow for re-use outside of GSAS. Subroutines, for example, should pass data
via arguments and not rely on the presence of global product data structures.

< All Level 1 and Level 2 standard data products will be produced in an integer-
binary format. (The GLA16 HDF-EOS product is an exception to this.)

< Input and output products will be delimited by start and stop times.

= Full processing history will be available via metadata.

= Standardized messaging and error-handling using local ancillary files will be
available to all subprocesses.

= Changeable parameters will be defined in local ancillary files.

= Implement the capability to fully and partially process and reprocess data
with several different scenarios, including:

One processing string that starts with GLAS telemetry data (GLAQO) as
input to create all output L1A products (GLA01-03).

One processing string that starts with GPS-specific GLAS telemetry data
(GLAO0OQ_xx) as input to create all output L1A GPS product (GLA04_GPS).

One processing string that starts with L1A altimetry data (GLAO1) as input
to create an output waveform product (GLAO5).

One processing string that starts with a waveform product (GLAOS) input
as to produce output elevation products (GLAO06, 12,13,14,15).

One processing string that starts with L1A atmosphere (GLA02) input and
produces output atmosphere products (GLA07,08,09,10,11).

One processing string that starts with a waveform product (GLAO5) as
input to produce an output elevation product (GLAO6).

3.2 Single vs. Multiple Executables

In the earlier designs of GSAS, the team incorporated a single-executable strategy.
This approach changed in V2 to focus on multiple PGEs (Product Generation Execut-
ables). APGE is an executable program which performs a specific function. The ‘core’

July 2002
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PGEs perform specific portions of the GLAS data processing and generate deliver-
able GLAS Data Products (Products). The core PGEs are accompanied by a set of util-
ity PGEs which perform such functions as creating ancillary data files, performing
guality assurance and generating browse products.

3.3 Software Reuse

The team recognizes that there will be several task—specific PGEs which will interface
with data created by the I-SIPS data processing system. In order to effect the reuse of
this software, the GLAS Team has implemented major components and subsystems
as shared libraries. These libraries are generic such that they may be used by several
different GSAS components without modification. It is intended that associated util-
ity software will be written to use these libraries in order to maximize code-reuse and
ease coding and maintenance tasks.

3.4 1/0O and Unit Conversion

The software reuse approach was especially important in the design of the GLAS
Product input/output routines. The 170 routines were designed in a modular fash-
ion to make them available for use in software outside of the core PGEs. All input/
output statements are implemented in product-specific subroutines. All data trans-
formations (scaling from integer to floating point and vice versa) are implemented in
product-specific routines. This insures consistency in the conversion process method-
ology and forces a great deal of granularity in the design. Additionally, care was
taken to minimize the number of support routines required by the 1/0 conversion
processes in order to maximize the potential for software reuse.

3.5 Reprocessing and Pass-Thrus

Reprocessing and partial-processing requirements dictated great care in the design of
GSAS. In addition to executing all science algorithms consecutively, it is required that
GSAS be able to run selected science algorithms with varying input data types. Pro-
cessing with a selected set of science algorithms and products is defined as a specific
processing “scenario”. The software not only must be able to execute selected science
algorithmes, it is required to rewrite selected products, partially replacing selected
data. An example of this is replacing the orbit on the primary elevation product
(GLAOG).

In order to accommodate the reprocessing requirement, the GSAS processing soft-
ware is designed to use “pass-thru” data management. The “pass-thru” concept dic-
tates that common data are passed from lower-numbered products to higher-
numbered products on input. In the design, the products can be input, output or
both. Science algorithms are required to use input data from the highest-numbered
product possible and pass computed data to requisite higher-numbered products.
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3.6 Data Buffering

Data buffering is a fairly complex process. GSAS is required to process data one sec-
ond at a time without buffering, except in one case. The Atmosphere subsystem
ATBD has required that data be buffered to twenty seconds. This buffering has been
designed into the Atmosphere subsystem, such that other portions of the software are
not impacted by the added complexity. However, during the implementation it was
decided to minimize the buffering complexity by adopting a constraint such that
GLAO08-11 will not be processed independently of one another. This constraint some-
what limits the granularity of re-processing, but was approved by the GLAS Change
Control Board as an acceptable trade-off. The buffering concept is fully documented
in the Atmosphere section.
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Section 4

Design Overview

4.1 GSAS Design Overview

The GSAS processing system is designed to be both efficient and flexible. The system
is designed for operational flexibility, considering data availability constraints and
reprocessing requirements. In order to meet these requirements, the design of the
software consists of up to four functional layers which work together to perform the
data processing function. From the bottom up, the first layer is a set of generic library
routines which form the foundation of the software. The second layer is comprised of
the science algorithm subsystem libraries, which perform the actual transformation
from raw data into GLAS products. The third layer is the subsystem managers, which
control the execution of the science algorithms. The fourth and final layer is made of
four core PGEs, executable “shells” which surround the subsystem managers and
provide standardized I/0, error handling, and initialization.

LOproc
PGE

L1A PGE

Atmosphere PGE

Altimetry PGE

Level 1A
Manager

Level 1B and 2
Atmosphere Manager

Level 1B Waveforms
Manager

Level 1B and 2 Elevation
Manager

Level 1A Library

Atmosphere Library

Waveforms Library

Elevation Library

Science Algorithms

Science Algorithms

’ Science Algorithms

Science Algorithms

Utility |,

PGEs

Common Libraries

Figure 4-1 GSAS Layers

4.2 PGEs

The GSAS PGEs are:
e GLAS LOproc, which processes GLAS L0 data;
= GLAS_L1A, which executes the Level 1A (L1A) subsystem;

= GLAS_AIt, which executes the Waveforms (WF) and Elevation (Elev) sub-
systems;

e GLAS_Atm, which executes the Atmosphere (Atm) subsystems;
= GLAS_Meta, which products inventory metadata files;.
e and Other PGEs which perform utility functions.

The first four PGEs are “core” PGEs. Figure 4-2 is a very simplified data flow diagram
which shows the relationship between GSAS PGEs and GLAS data products. Many
ancillary files and utilities are required for GSAS processing. These have been omit-
ted in order to show an overview of GSAS.
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GLAOO
APIDs

GLAS_LOproc

GLAO1 GLAO2 GLAO3 GLAO4

GLAO7 GLAO8

GLAO9 GLA10

GLA14 GLA13

Create_GLA16

GLAXX GLA16

Figure 4-2 Simplified GSAS Data Flow Diagram
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4.3 Files

Throughout this document, files are referenced as one of two types: GLA or ANC.
GLA files are, for the most part, fixed-length, integer-binary format Product files con-
taining Level 0-2 GLAS science data. GLA16 is the single Level-3 Product and is
HDF-EOS formatted. GLA files are both input and output to GSAS. ANC files are
requisite multi-format ancillary files. Some are supplied by the science team, others
are received from external data providers. The prime difference between GLA and
ANC files are that GLA files are deliverable data products, whereas ANC files are
not. These files are detailed in the GLAS Data Management Plan and GLAS Data
Product Users Guide.

4.4 Science Algorithms

GSAS science algorithms are published in the Algorithm Theoretical Basis Docu-
ments (ATBD) provided by the GLAS Science Team. The resulting code is grouped
into four ATBD subsystems separated by scientific discipline. These subsytems, sci-
ence data products, and the science algorithm libraries are listed in Table 4-1.

Table 4-1 Subsystem, Libraries and Products

Subsystem Library Output Products
L1A Processing I1a_lib GLAO01-04
Waveform Processing wf_lib GLAOS
Atmosphere Processing atm_lib GLAO7-11
Elevation Processing elev_lib GLAO06,12-15

The subsystems are designed such that data required by each subsystem is available
from a product (data file) written by a preceding subsystem. As a result there is very
little data dependence between the subsystems.

Associated with each ATBD subsystem is a corresponding Subsystem Manager.
These Managers use control input to determine what processes to execute within the
subsystem and what data to write.

45 Utilities

In addition to the core PGEs, there are several utility PGEs which perform various
data transformations and computations. These utilities use the same core library rou-
tines as the core PGEs. There are two main types of utilities:

= Utilities executed infrequently — based on static or near-static input. Examples
are:

- Reference orbit groundtrack file creation
- Create DEM file
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- Ingest and reformat geoid file
- Create regional masks data set
- Create global and regional load tide grids

= Utilities executed routinely as part of daily production processing. Examples
are:

- Calculate granule start times and ascending node times
- Create level 0 index files

- Subset Meteorological data files

- Create Browse products

- Verify QA products
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Section 5

Foundation Libraries

The base level of GSAS software is implemented as a set of core libraries. These
libraries are coded in a generic manner such that all GSAS software can make use of
the code. This design maximizes code reuse and all inherent advantages.

Library code is implemented in separate directories and grouped by functional area.
A single makefile in each library directory will compile the code into a dynamically-
linked shared library. A “master” makefile will compile all the libraries and create the
final binaries in one step. See the GSAS Version Description document for details on
file layout and compilation specifics.

There is a set of dependencies between the libraries. Order in which libraries are com-
piled is important since libraries may depend upon other libraries for support rou-
tines.This is not relevant if the developer uses the supplied “master” makefile, but
the developer should be aware that these dependencies exist. This is illustrated in
Table 5-1.

Table 5-1 Library Inter-dependencies

To build... The following libraries are required...
platform_lib <none>
time_lib platform_lib
cntrl_lib platform_lib
err_lib platform_lib,
math_lib platform_lib
anc_lib platform_lib, cntrl_lib, err_lib, math_lib
prod_lib platform_lib, cntrl_lib, err_lib
file_lib platform_lib, cntrl_lib
geo_lib platform_lib, cntrl_lib, err_lib, math_lib, anc_lib
exec_lib platform_lib, cntrl_lib, err_lib, math_lib, anc_lib

5.1 The Platform Library (platform_lib)

platform_lib is the most basic library in the foundation libraries. Nearly all GSAS
code uses routines from the platform library. The purpose is to provide consistent
datatypes across all GSAS software, to provide a place for storing constants, and to
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provide compiler-dependent F90 routines. Modules included in the platform_lib are

described in Table 5-2.

Table 5-2 platform_lib Modules

Module Description
kinds_mod Defines the basic GLAS datatypes, for example 2 byte integers, 4 byte
integers, 4 byte reals, and 8 byte reals.
types_mod Defines common complex GLAS datatypes, including structures.

const_glob_mod

Defines common global constants. These constants are initialized as
parameters or have values read from an ancillary file.

const_atm_mod

Defines atmosphere-related constants. These constants are initialized as
parameters or have values read from an ancillary file.

const_elev_mod

Defines elevation-related constants. These constants are initialized as
parameters or have values read from an ancillary file.

const_|la_mod

Defines L1A-related constants. These constants are initialized as parame-
ters or have values read from an ancillary file.

const_wf_mod

Defines waveform-related constants. These constants are initialized as
parameters or have values read from an ancillary file.

Inblink

Returns position of the last non-blank character in a string. Provided for
those F90 implementation which do not support this function.

vers_platform_mod

Version information for the library.

5.2 The Control Library (cntrl_lib)

cntrl_lib provides control-related functions to GSAS software. Components include
routines for parsing “keyword=value” formatted files, string functions, user-inter-
face functions, and a common file control datatype. Modules included in the cntrl_lib
are described in Table 5-3.

Table 5-3 cntrl_lib Modules

Module

Description

centertext_mod

Centers a text string within an 80 character padded string.

compare_kval_mod

Compares keyvalues against label. Strings are converted to uppercase
before a comparison is performed. This ensures that keyvalues are not
case-sensitive.

doubleline_mod

Prints an 80 character double line to the supplied 10 unit.

fStruct_mod

Defines a generic GLAS file info structure. Also contains routines to initial-
ize and print a file info structure.

getans

Reads a character of input, and validates that input from a list of accept-
able values.
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Table 5-3 cntrl_lib Modules (Continued)

Module

Description

keyval_mod

Defines a keyword=value datatype.

multimenu_mod

Returns a set of logicals based on user menu selection

parse_keyval_mod

Parses keyword and value components from argument string.

read_line_mod

Reads a line of input, skipping comments (#).

singleline_mod

Prints an 80 character single line

strcompress Compresses multiple spaces to a single space within a string
strtrim Trims white space from around a text string

tolower Converts alpha characters to lower case

toupper Converts alpha characters to upper case

writebanner_mod

Prints banner at start of processing

vers_cntrl_mod

Version information for the library.

5.3 The Error Library (err_lib)

err_lib provides status and error-related functions to GSAS software. err_lib is
designed to read messages from an ancillary file. Errors and status messages (hence-
forth referred as errors) are reported to an output ancillary file (if available) and to
standard output (stdout). Errors have negative numeric designations; status mes-
sages have positive designations. Errors are designed to be configurable as to the
severity of the error and frequency of printout.

Modules included in the err_lib are described in Table 5-4.

Table 5-4 err_lib Modules

Module

Description

ANCO06_mod

Writes an error message to the ANCO06 unit in a standard format. In order
to avoid cyclic dependencies, ANC06_maod will not use GLAS Error_mod
upon encountering an error (since GLAS Error WILL use ANC06_mod). A
result code will be returned, but the caller must act upon it, if necessary.

ErrDefs_mod

Defines the GSAS error data structure.

ErrorBoot_mod

Initializes the error to generic values before the ancillary error file is read.

Errorinit_mod

Perform initializations for the Error and Status function by extracting the
error variables from argument error strings. This routine does dynamic
array allocation so that the number of errors is not fixed. A routine is also
provided to print the parsed errors.
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Table 5-4 err_lib Modules (Continued)

Module

Description

GLAS_Error_mod

Receives an error number as an argument, looks up the error, writes the
error to ANCO06 and stdout, and returns a severity code to the calling pro-
cess.

WriteError_mod

Formats an error and writes to ANCO06 and stdout.

vers_err_mod

Version information for the library.

5.4 The Math Library (math_lib)

math_lib provides standard math routines to GSAS software. Components include
bilinear interpolation and matrix multiplication. Modules included in the cntrl_lib

are described in Table

5-5.

Table 5-5 math_lib Modules

Module

Description

¢_bilin_interp_mod

Calculates the value of properties at a point by doing a bilinear interpola-
tion of the 4 points straddling it.

¢_matmul_mod

Returns the product of two matrices.

¢_minmaxmean_mod

Provides routines to compute statistics for the given parameter.

vers_math_mod

Version information for the library.

5.5 The Ancillary Library (anc_lib)

anc_lib provides routines to read and parse GLAS ancillary files. GSAS ancillary files

are of various formats
contain dynamic data.

Modules included in t

. Some ancillary files contain relatively static data while others

he anc_lib are described in Table 5-6.

Table 5-6 anc_lib Modules

Module

Description

anc01_met_mod

Reads meteorological (met) header data into a global data structure.
Structures exist for two met header files. Also verifies the existence of
associated met data files and provides a routine to write the met header
information to stdout.

anc07_mod

Parses an ANCO7 file and calls specific routines to read each parsed sec-
tion.

anc07_atm_mod

Reads and parses atmosphere-related constants from a constants ancil-
lary file.

anc07_glob_mod

Reads and parses global constants from a constants ancillary file.
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Table 5-6 anc_lib Modules (Continued)

Module

Description

anc07_elev_mod

Reads and parses elevation-related constants from a constants ancillary
file.

anc07_err_mod

Reads and parses error constants from a constants ancillary file.

anc07_Ila_mod

Reads and parses L1A-related constants from a constants ancillary file.

anc07_stat_mod

Reads and parses status constants from a constants ancillary file.

anc07_wf_mod

Reads and parses waveform-related constants from a constants ancillary
file.

anc08_pod_mod

Contains Precision/Predict Orbit Determination (POD) record length and a
flag to determine if POD is of predicted or precision quality.

anc09_pad_mod

Contains Precision Attitude Determination (PAD) record length, public
data structure, availability flag, and routines to initialize and read PAD
records.

ancl2_dem_mod

Contains Digital Elevation Model (DEM) record lengths, unit number, pub-
lic LandMask, and routines to read, calculate and print the DEM values.

an c13_geoid_mod

Contains the Geoid record length, public grid and routines to initialize and
read the geoid.

ancl6_Itide_mod

Contains the record length and unit of the load tide ancillary file.

ancl7_otide_mod

Contains the record length and unit of the ocean tide ancillary file.

ancl8_ stdatm_mod

Reads and stores the standard atmosphere ancillary file.

anc24 _rot_mod

Contains the record length and unit of the rotation matrix ancillary file.

anc25_gpsutc_mod

Reads and parses the GPS/UTC time conversion file.

anc27_surftype_mod

Reads and stores the surface type file.

anc29 _index_mod

Reads, writes, and stores the GLAS_LOproc index file.

anc30_aer_mod

Reads and stores the global aerosol map ancillary file.

anc31_trop_mod

Reads and store the global aerosol trop map ancillary file.

anc32_gps_mod

Reads, writes and stores the GLAS_LOproc GPS correlation file.

anc33_utc_mod

Reads the UTC time conversion file.

anc35_ozone_mod

Reads and stores the ozone file.

anc36_atm_mod

Reads the atmosphere calibration file.

anc_hdr_mod

Reads and writes the limited header portion of selected ancillary files.

vers_anc_mod

Version information for the library.
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5.6 The File Library (file_lib)

file_lib provides standard routines to open and close GSAS files using the passed file
info structures. Modules included in the file_lib are described in Table 5-7.

Table 5-7 file_lib Modules

Module Description

OpenFInFile_mod Opens an input file.

OpenFOutFile_mod Opens an output file.

CloseFile_mod Closes a file.

vers_file_mod Version information for the library.

5.7 TheTime Library (time_lib)

time_lib is the only GSAS source code implemented in C. It is an implementation of a
GSFC time library and used by GSAS with little to no modification. time_lib provides
routines for converting to/from various time formats. Modules included in the
time_lib are described in Table 5-8.
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Table 5-8 time_lib Modules

Module

Description

dateinterface

Has routines for the following functions:

-add two arrays holding times into a third array

-add a yymmdd and a day

-add a yyyymmdd and a day

-find the difference between two yymmdd's in days and seconds
-find the difference between two yyyymmadd's in days and seconds
-convert between yyyymmdd, hms, mjd, fday, and mjdsec
-convert yymd fday to J2000 days and fday

-convert J2000 days and fday to yymd fday

-convert yymmdd or yyymmdd to yyyymmdd

-convert yyyymmdd to yymmdd

-convert mjd to yymmdd

-convert mjd to yyyymmdd

-convert yymmdd to mjd

-convert yyyymmdd to mjd

-convert hhmmss to fday

-convert fday to hhmmss

-convert fday to hm with decimal seconds

-convert yyyymmdd to ddd

-convert yyyymmadd to yyyyddd

-convert yyyyddd to yymmdd

-convert mjd to mjdsec

-convert mjdsec to mjd

-convert mjdsec to sec

-check if yyyy is a leap year

vers_file_mod

Version information for the library.

5.8 The Product Library (prod_lib)

prod_lib provides routines to read, write, and convert GLAS products. The routines
(and concepts) are fully described in the GLAS_Exec section. Modules included in
the prod_lib are described in Table 5-9 (where xx = a GLAS product number [01-15]).

Table 5-9 prod_lib Modules

Module

Description

GLAOO_mod

Contains routines for reading GLAOO APIDs.

GLAOO_xx_mod

Contains public data structures for GLAOO APIDs and routines to initialize,
convert, and print the product and algorithm data structures.

GLAxx_mod

Contains routines for reading and writing GLAxx product data structures.

GLAXxx_alg_mod

Contains public data structures for GLAxx algorithmdata and routines to
initialize and print the data structure.
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Table 5-9 prod_lib Modules (Continued)

Module

Description

GLAXxx_prod_mod

Contains public data structures for GLAxx product data and routines to ini-
tialize print the data structure.

GLAxx_scal_mod

Contains public data structures for GLAxx scale data and routines to ini-
tialize and print the data structure. Also contains routines to convert from
product units to algorithm units and the reverse.

GLAxx_Pass_mod

Passes common data from a lower-numbered product/algorithm data
structure to higher-numbered product/algorithm data structures.

GLAxx_flags_mod

Contains routines for packing and unpacking GLAxx flags.

common_flags_mod

Contains routines for packing and unpacking common flags.

common_hdr_mod

Contains routines to read and write common elements of the product
headers.

conversions_mod

Contains routines for performing common data conversions.

prod_def_mod

Contains record sizes for all GLAxx products.

vers_prod_mod

Version information for the library.

5.9 The Exec Library (exec_lib)

exec_lib contains high-level routines which are common to each of the GSAS PGEs.
Much of the code which was in the original single executable has been modified and
moved into this library. Modules included in the exec_lib are described in Table 5-10.

Table 5-10 fexec_lib Modules

Module

Description

CheckOutput_mod

Loops through the file type structures to determine if any more output is
requested.

CloseFiles_mod

Closed any opened files, based on file control structure.

CntlDefs_mod

Initializes common control definitions.

Mainlnit_mod

Performs common initialization functions.

MainWrap_mod

Performs common wrap-up functions.

OpenFiles_mod

Opens requested files, based on file control structure.

ReadAnc_mod

Reads ancillary files, based on file control structure.

ReadData_mod

Reads data from opened files in a time-synchronous fashion.

StdCntl_mod

Parses common control instructions from a Control files.

Write_AncVer_mod.

Writes ancillary file version info to ANCO6.

Write_LibVer_mod

Writes library version info to ANCO6.

Version 2.2

Page 5-8 July 2002



Foundation Libraries GSAS Detailed Design Document

Table 5-10 fexec_lib Modules (Continued)

Module Description
check_recndx_mod Utility function for comparing start/stop times of granules.
com_hdr_update Updates the header data structures for product files.
fCntl_mod Defines file control structures.
get_fileindex_mod Utility function for determining file type from filename.
get_secstart_mod Finds start of control file section.
parse_filecntl_mod Parses file information from control file.
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Section 6

Common Functionality

GSAS code was designed to maximize software reuse capabilities. The foundation
libraries provide a code base which the developer can use to ensure consistency and
maximize code reuse among GSAS PGEs. The libraries provide standardized rou-
tines for such things as parsing control files, reading constants files, and reporting
error/status messages. By following GSAS conventions, PGEs can basically take
advantages of these services “for free.” The previous section introduced the compo-
nents of the foundation libraries. This section describes the functionality provided by
these libraries.

6.1 Control File Parsing

GSAS PGEs are designed to use Control files as the interface between GSAS and the
user (or controlling process). Control files provide dynamic control information to
PGEs.

PGEs are designed to take the name of the control file passed as a command-line
argument during each invocation of the PGE. Most PGEs should terminate with a
fatal error if the command-line argument is missing, the specified file does not exist,
or the file is unreadable. The exception to this rule is when the PGE provides a rudi-
mentary user-interface when invoked without a control filename. GLAS_Reader, a
utility, is currently the only instance of this exception.

GSAS control files are designed to be part of a larger control file used by one or more
PGEs. The larger control file includes sections which identify the PGE that will per-
form the task requiring the inputs contained in the section. Each section is bounded
by an "="sign in column 1, followed by the PGE name that requires the control
inputs. Exact section names will be shown in the PGE-specific control file section of
this document.

All GSAS control files are created in standard GSAS *“keyword=value” format. This
format is text-based and consists of a line containing a keyword/value pair delimited
by an equal sign (=). The ordering of the keywords is not relevant but should follow a
convention for consistency. Multiple instances of certain keywords are allowed. The
keyword is not case sensitive. Spaces are allowed, but not required. Comment lines
must be prepended by a “#” character. The keyword is limited to 25 characters; the
value is limited to 229 characters.

PGE sections within a control file contain both common and process-specific informa-
tion. The process-specific portions of control files will be provided within the docu-
mentation for each specific PGE. This section will document the common elements of
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the control files. Within a control file section, some information is required, other is
optional. Required single-instance keywords include:

Table 6-1 Required Single-Instance Keywords

Keyword Value
TEMPLATE_NAME= Name of the control file template.
EXEC_KEY= Unique (per day) execution key
DATE_GENERATED= Date the control file was generated.
OPERATOR= Operator who generated the control file.
PGE_VERSION= Version number of the target PGE.

Optional multiple-instance keywords include:

Table 6-2 Optional Multiple-Instance Keywords

Keyword Value
PASSID= Pass-related information
TRACK= Track [number start_time stop_time]
INPUT_FILE= Input file [filename start_time stop_time]
OUTPUT _FILE= Output file [filename start_time stop_time]
WRITE_CONST= Signals that the specified constants should be written to ANCO6.

6.1.1 PASSID Specification

A PASSID section is required in the control file when creating GLA products. There
should be one instance of the following keyword/values for all tracks which fall
within the minimum/maximum time of the data being processed. This information
is required for GLAS_L1A, GLAS_Alt, and GLAS_Atm. This information is NOT
required for GLAS_LOproc or other utilities.

PASSI D=r evol uti on_nunxsp>passi d<sp>start _ti me<sp>stop_ti ne<
sp>equat or _crossi ng_| on<sp>nose_pat h_nunber.

Descriptions of the PASSID elements are provided in Table 6-3.

Table 6-3 PASSID Control Line Elements

Element Description
revolution_num integer, containing the auto-incrementing rev number.
passid 11-byte character, further described below.
start_time double-precision float, containing J2000 UTC time in seconds.
stop_time double-precision float, containing J2000 UTC time in seconds.
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Table 6-3 PASSID Control Line Elements

Element Description
equator_crossing_lon float, containing the equator crossing longitude.
nose_path_number integer, containing the NOSE path number.

The eleven-byte passid field will be treated as follows: prkkccctttt. Descriptions of
each element are provided in Table 6-4.

Table 6-4 passid Field Description

Field Description
p repeat ground track phase (integer, length=1)
r reference orbit number (integer, length=1)
kk instance (integer, length=2)
cce cycle (integer, length=3)
tttt track (integer, length=4)

6.1.2 Input/Output File Specification

Input and Output files are required to be designated using the GSAS-standard nam-
ing convention defined in Appendix A. The type of each file specified is determined

by parsing specific components of the filename which are required by all of the nam-
ing methods defined in the specification. These common components of all filenames
are:

HHHxx _nmmm . . ff . eee

(where: HHH is the type identification, xx is the type id number, mmm is the release
number, ff is the file sub-type, and eee is the file extension.)

GSAS software uses the type identification, the type id number and the file sub-type

to determine what type of file is specified in the control file. The filetype-parsing rou-
tines are not case-sensitive when determining the type of file specified. However, the
filenames are case-sensitive during file opening and creation.

All files are required to be delimited by start and stop times. These times are floating
point values specified on the control line as J2000 time in seconds. On both input and
output, records are skipped until the time in the current record is greater than or
equal to the specified start-time and less than or equal to the specified stop-time.
Static ancillary files are required to have start-times and stop-times present for con-
sistency, but these are currently ignored.

The formats for an input and output file specifications are:

| NPUT_FI LE=fi | e_nanme<sp>start _tinme<sp>stop_tine
OUTPUT_FI LE=fi |l e_nane<sp>start _tine<sp>stop_tine
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Additionally, GLA product file entries should contain segment and version informa-
tion. This information is specified in the format:

| NPUT_FI LE=fi | e_name<sp>start_ti nme<sp>stop_ti ne<sp>gran_rel
_NnumKksp>gr an_ver _nunksp>gr an_segment

OUTPUT_FI LE=fi | e_nane<sp>start _ti me<sp>stop_ti ne<sp>gran_re
| _nunksp>gran_ver _nunksp>gr an_segnent

Segment and version information fields are described in Table 6-5.

Table 6-5 File Segment and Version Fields

Field Description

gran_rel_num granule release number (CCB controlled, mmm in filenaming convention.)
Character max length of 20.

gran_ver_num granule version number (Auto-incrementing, nn in filenaming conven-
tion). Character max length of 20.

gran_segment orbit segment of the granule (if more that 1 segment, use 0).Character
max length of 1.

Files with INPUT_FILE and OUTPUT _FILE keywords must be listed in chronologi-
cal order based on start and stop times. The start time of one file may overlap the stop
time of another. In this case, data within the overlapping range will be written to the
first file and not the second.

6.1.3 Input Data Time Selection

As referenced in the Control File section, all files are required to be delimited by start
and stop times. PGEs which support time selection will skip that data which are out-
side the limits defined by start and stop times. This data will be read, but not pro-
cessed. Additionally, given the case of multiple input files of the same type, the PGE
will seemlessly skip from one file to the next when all data from the current file has
been read (or skipped via time selection).

Certain input ancillary files do not support input time selection but require, none the
less, start and stop times in their control file entry. This was a design decision
intended to promote consistency within the control file content. The start and stop
times for these ancillary files should encompass the entire time range of the input
data.

6.1.4 Output Data Time Selection

As with input files, all output files are required to be delimited by start and stop
times on their control file entry. PGEs which support time selection will not write that
data which are outside the limits defined by start and stop times. Additionally, given
the case of multiple output files of the same type, the PGE will seemlessly skip from
one file to the next when the current data time falls outside the range of the current
output file. It is important to note that input data time selection and output data time
selection are completely independent of one another. There is, however, a practical
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relationship between the two, since output data for a particular time cannot be writ-
ten if no input data for that time is read (or specified).

6.1.5 Execution scenarios

Most core PGEs permit multiple execution scenarios. Certain sets of computations
have been grouped together by the software designers. Execution of these sets can be
specified via specific execution flags with the PGE control file. The detailed docu-
mentation for each PGE specifies what execution flags are available and the processes
they control. Additionally, there are dependencies between input file type, output file
type, and the execution flags. These dependencies define execution scenarios, which
will be described in the respective PGE detailed documentation.

6.2 ANCO07 Constants Files

ANCO7 files are used to provide GSAS with static, change-controlled parameters pro-
vided by the Science Team and used during processing of GLAS data. These parame-
ters were carefully selected such that these parameters could be modified without
forcing a recompilation of the processing software. It is critical that these files are
tightly change-controlled since unapproved modification could result in erroneous or
inconsistent data being generated during the creation of the GLAS Products.

There are several types of ANCO7 files. These types include a global constants file, an
error file, and constants files specific to each of the science algorithm categories.

Constants files are specified as input files within a particular PGE’s control file. The
global constants file and the error constants file are required for all executables.

GSAS ANCO7 files are delimited by section identifiers which differ (by design) from
control files section identifiers. Each section is bounded by the section name and an
"=". The section delimiters are defined as follows:

BEG_OF STATUS=
...Status section contents...
END_OF STATUS=

BEG_OF ERROR=
...Error section contents...
END_OF_ERROR

BEG_OF GLOBALS=
...Global constants section contents...
END_OF GLOBALS

BEG_OF ATM=
...Atmosphere constants section contents...
END_OF ATM

BEG_OF ELEV=
...Elevation constants section contents...
END_OF ELEV
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BEG _OF L1A=
...L1A constants section contents...
END_OF L1A

All GSAS ANCAOT7 files are created in standard GSAS “keyword=value” format. This
format is text-based and consists of a line containing a keyword/value pair delimited
by an equal sign (=). The ordering of the keywords is not relevant but should follow a
convention for consistency. Multiple instances of keywords are not allowed. The key-
word is not case sensitive. Spaces are allowed, but not required. Comment lines must
be prepended by a “#”” character. The keyword is limited to 25 characters; the value is
limited to 229 characters.

6.3 Invalid Values and Error/Status Reporting

This section documents the use of standardized methods of dealing with invalid data
and error/status conditions.

6.3.1 Invalid Values

Not all data received from GLAS will be suitable for science processing. In addition,
given the nature of the raw telemetry packets, some data may be missing. The con-
cept of an “invalid value” is used to signify that data is invalid or missing and should
not be used for processing. Invalid values are datatype-specific values which are
defined in the GLAS global constants module. These variables are assigned to Prod-
uct variables in order to indicate invalid or missing data. These values are defined in
Table 6-6. Great care should be taken to avoid using an invalid value during a calcu-
lation. Additionally, great care must be taken by both the programmer and data user
to determine if the variable in question is defined as potentially invalid. One can only
consider data to be invalid if the product documentation defines that variable as
potentially invalid and the variable has the appropriate invalid value respective to its
datatype.

Table 6-6 Invalid Values

Datatype Invalid Value

1 byte integer 127

2 byte integer 32767

4 byte integer 2147483647

4 byte real 3.40282E+38
X7TF7FFFFF

8 byte real 1.797693094862316E+308
X7TFEFFFFFFFFFFFFF

6.3.2 Exit Status

All GSAS PGEs are required to return an exit status indicating success or failure of
the process. This status is returned through an operating system call and can be que-

Version 2.2 Page 6-6 July 2002



Common Functionality GSAS Detailed Design Document

ried by other operating system processes. The supported exit status codes are gFA-
TAL=3 and gNO_ERROR=0.

Table 6-7 PGE Exit Status Codes

Value Description

0 Process completed with no errors.

3 Process failed.

Note that the Exit status was designed to return numbers consistent with the GSAS
error/status reporting facility’s error severity values. However, the exit status codes
are but a subset of the GSAS error severity codes.

6.3.3 Error and Status Reporting

GSAS uses a common error/status reporting facility. This ensures that error/status
reporting is handled in a consistent manner throughout the software. This facility is
based on the ANCO7 error file and is configurable by the user.

An important related point is that GSAS is designed such that only the main PGE
routine can terminate processing. Subroutines are not allowed to terminate process-
ing, but should indicate a fatal error by passing the appropriate error severity code
back to their calling processes. The calling process can then exit with the correct exit
status result code.

The ANCO7 error file is in standard GSAS “keyword=value” format. This format is
text-based and consists of a line containing a keyword/value pair delimited by an
equal sign (=). The keyword is not case sensitive. Spaces are allowed, but not
required. Comment lines must be prepended by a “#” character. As with other
ANCO7 files, the sections for error and status must be delimited by section identifiers.
Identifiers for each section are listed below.

BEG OF STATUS=
...Status section contents...
END_OF STATUS=

BEG OF ERROR=
...Error section contents...
END_OF ERROR

The format of the error/status content is defined in Figure 6-1. The keyword can have
KEYWORD=nnnnnnxttttttttttttttttttttttttttttettttttttttttttettttttxsxffffff

Figure 6-1 Error Ancillary File Format

the value of “ERROR” or “STATUS” and identifies if the line contains an error or sta-
tus entry. The value is a text string with the specific format defined in Table 6-8.
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Table 6-8 Error String Format

Character Positions Description

n 1-6 Error code (must be sequential within a section)

X 7,58,60 Space character (delimiter